Background: The human body becomes disfigured to a great extent so that identification of the individual becomes a challenge. Age determination of unknown human bodies are important in various clinical and scientific disciplines and done by different techniques. Teeth are bestowed with properties of hardness and resilience which makes them important in forensic science. As impacted teeth are least influenced by environmental changes, coronal displacement of cementum in these teeth can be used for estimating age. Result: One hundred and fifty extracted, intact impacted mandibular third molar teeth, taken from individuals in different regions of Kerala, were ground to the thickness of 25 μm to score the coronal displacement of cementum (CDC) in each tooth. Relationship between age and CDC was analysed by linear regression analysis, by making age as dependent variable and CDC as independent variable. Age is derived as Age = 2.387 x CDC + 20.278.
Background
Forensic odontology is defined by the Federation Dentaire Internationale as 'that branch of dentistry which, in the interest of justice, deals with the proper handling and examination of dental evidence, and with the proper evaluation and presentation of dental findings (Ashith & Acharya, 2014) . Forensic Age Estimation is an expertise in forensic medicine which aims to define in the most accurate way the chronological age of person of an unknown age involved in judicial or legal proceedings (Schmeling et al., 2011) . Dental age (DA) determination is required in various clinical and scientific disciplines in the setting of a crime investigation or a mass disaster because the age at birth, death and year of death as well as gender can guide investigators to the correct identity among a large number of possible matches (Alkass et al., 2010) . The human body becomes disfigured to a great extent so that identification of the individual becomes a challenge. Teeth are bestowed with properties of hardness and resilience to withstand insults which makes them important in forensic science. Age of an unknown person can be assessed by correlating the physical, skeletal, and dental maturity of an individual. Several methods have been proposed for assessing dental age (Williams, 2001) .
Erupted teeth are directly affected by conditions such as mastication, tooth brushing, and by ageing. Impacted teeth remain intact and are only affected by the ageing process (Bocutog & Yakan, 1997; Azaz et al., 1974) . Therefore, impacted teeth are considered suitable for use in research in the effect of ageing on teeth.Coronal displacement of cementum in impacted teeth can be used as an age marker. Study done by Bocutog et al. in 1997 showed that there is a significant linear correlation between age and coronal displacement of cementum in impacted teeth (Bocutog & Yakan, 1997) . This may be related to continually erupting forces which affect the impacted teeth and may be mechanism by which the teeth are protected at the cemento enamel junction. This phenomenon could be used in forensic odontology in age determination.
In a study done by Balwant et al. in 2006 in erupted mandibular third molar teeth, they found that there was no correlation between age and coronal displacement of cementum in erupted teeth because erupted teeth were found to be directly exposed to external environmental factors (Rai et al., 2006) .
Methods
A cross sectional study was conducted in the department of oral pathology and microbiology.
One hundred fifty impacted mandibular third molar teeth were collected from different geographic regions of Kerala and were preserved in separate vials containing 10% neutral buffered formalin solution.. Teeth with incompletely formed cemento enamel junction and teeth with caries were excluded from the study.
Bucco lingual ground sections were prepared for each tooth collected. Gross reduction of teeth were done in lathe stone till 4 to 5 mm in thickness followed by manual grinding using an Arkansas stone till the section is 0.25-mm thick. Cleaned and unstained dried sections were mounted on slide using DPX (Distyrene Dibutyl phthalate xylene) with age and sex marked on them. After the preparation of sections, the microscopic analysis was carried out and viewed under 400 magnification using light microscope. Coronal displacement of cementum in micro meters were recorded under low power (4×) by means of a micro meter attached to light microscope.
Collected data was statistically analysed using ANOVA test, t-test and Spearman's rank Correlation. Prediction was done by Regression Analysis.
Results
In the present study, cases were divided into three different age groups from 20 to 40 years. Maximum number of cases belonged to the age group of 21 to 30 years.
In age group of 20 years, the mean value of CDC was 0.46 ± 0.85, in age group 21-30 years was 1.96 ± 1.60 and in age group 31-40 years was 4.97 ± 1.48. A statistically significant p value of < 0.001 was observed (Table 1 and Fig. 1 ).
Relationship between age and CDC was analysed by linear regression analysis, by making age as dependent variable and CDC as independent variable (Table 2 and Fig. 2) .
Age was derived as, Age = 2.387 x CDC + 20.278.
Discussion
Teeth are unique in structure and follow a well-defined sequential developmental pattern. Moreover, teeth are most indestructible components of the body because of its resistivity against most of the environmental abuses. Forensic Age Estimation is an expertise in forensic medicine which aims to define in the most accurate way the chronological age of person of an unknown age involved in judicial or legal proceedings .
Age estimation using the dentition can be grouped into 3 phases (Azaz et al., 1974) . Age estimation in prenatal, neonatal and early postnatal child, age estimation in children and adolescents and age estimation in adults (Pretty, 2003) . The principal method of age estimation differs in each age group. Thus choice of method is inherently related to whether unidentified remains are those of a juvenile or an adult, the former being primarily based on developmental, and the latter degenerative, morphological features. So the present study, as it is an invasive method, can be used for age estimation in adults with degenerative features (Franklin, 2010) .
To the best of our knowledge, this is the first study to estimate age in Kerala population by scoring coronal Bocutog et al. in 1997 showed that there is a significant linear correlation between age and coronal displacement of cementum in impacted teeth (Bocutog and Yakan, 1997) . This may be related to continually erupting forces which affect the impacted teeth and may be a mechanism by which the teeth are protected at the cemento enamel junction. In impacted tooth, it was found that as age advances, there is a relative apposition of cementum, coronally. This may be related to continually erupting forces which affect the impacted teeth. As a result of local disruptions in the reduced enamel epithelium that permit follicular cells to come into contact with the enamel surface and differentiate into cementoblasts , such, appositions of cementum on the coronal surface of teeth is possible (Nanci, 2007) .
In contradictory to this, a study done by Balwant et al. in 2006 and Raju et al. in 2016 in erupted mandibular third molar teeth, found no significant correlation between age and coronal displacement of cementum in erupted teeth because erupted teeth were found to be directly exposed to external environmental factors (Rai et al., 2006; Raju et al., 2016) .
In the present study in Kerala population, the Pearson's correlation coefficient value between known age and coronal displacement of cementum in impacted mandibular third molar was found to be strongly positive with a correlation coefficient of 0.832 and significant at the 0.001 level. This indicate that coronal displacement of the cementum showed significant increase with age. The study done by Sharma et al. and Rai et al. also supported this (Sharma et al., 2010; Rai and Annad, 2009) . But this value is superior to the value observed by Bocutog et al. in impacted maxillary canines in Turkish population (r = 0.69) (Bocutog and Yakan, 1997) . This discrepancy may be due to difference in teeth and the ethnicity of the population studied. However the value obtained from the present study was comparable to the value observed by Rai et al. in impacted mandibular third molar in Nepalese population (r = 0.89) (Rai, 2009a ). This observations indicated that age and coronal displacement of cementum in impacted teeth also showed a racial difference and validate more studies in different races to establish their influence in coronal displacement of cementum in impacted teeth with increase in age.
In the present study we formulated a regression equation using the scores to estimate age from impacted mandibular third molar teeth in our population.
Age ¼ 2:387 x CDC þ 20:278
There was significant difference between the present regression formula and the previous equation formulated for North Indian Population. This may be attributed to difference in genetic factors, nutritional factors and geographical factors (Rai, 2009b) .
The average age difference between known and estimated age in this study was found to be ±5.28 years. In forensic cases, an error of ±10 years of age is considered as an acceptable range (Talreja et al., 2012) . In Gustafson's method the average error was just ±3.6 years. However when Pillai and Bhaskar applied Gustafson's method on an Indian population they obtained an average error rate of about ±8 years (Ashith and Acharya, 2014) .
Conclusion
Coronal displacement of cementum can be considered as a useful parameter for estimating age from impacted teeth. Our observations validate the need for separate formula for computing age using impacted mandibular third molar teeth in other population and Kerala population. There also exist a racial influence in estimation of age from teeth. Further studies on impacted teeth in wider populations in different races may be of considerable help in making use of impacted teeth as a better and sensitive tool in estimating age in human identification.
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